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Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as °F = (1.8 × °C) + 32.
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as °C = (°F -32) / 1.8.
Datum
Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88).
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.
Supplemental Information
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25 °C). 
Abstract
The U.S. Geological Survey conducted hydrologic studies and published three U.S. Geological Survey scientific investigations reports in cooperation with the Citizen Potawatomi Nation from 2011 to 2014 to characterize the quality and quantity of water resources. The study areas of those reports consisted of approximately 960 square miles in parts of three counties in central Oklahoma. This study area has multiple abundant sources of water, being underlain by three principal aquifers (alluvial/terrace, Central Oklahoma, and Vamoosa-Ada), being bordered by two major rivers (North Canadian and Canadian), and having several smaller drainages including the Little River in the central part of the study area and Salt Creek in the southeastern part of the study area. The Central Oklahoma aquifer (also referred to as the "Garber-Wellington aquifer") underlies approximately 3,000 square miles in central Oklahoma in parts of Cleveland, Logan, Lincoln, Oklahoma, and Pottawatomie Counties and much of the study area. Water from these aquifers is used for municipal, industrial, commercial, agricultural, and domestic supplies.
Much of the water in the study area is of good quality; however, in some parts of this area water quality was impaired by very hard surface water and groundwater, large chloride concentrations in some smaller streams, relatively large concentrations of nitrogen and phosphorus nutrients and large counts of fecal-indicator bacteria in the North Canadian River, and uranium concentrations that exceeded the U.S. Environmental Protection Agency Maximum Contaminant Level of 30 micrograms per liter for public water supplies in water samples collected from a small number of wells. Most stream-water samples collected from the Little River by the U.S. Geological Survey in 2012-13 had dissolved solids concentrations exceeding the U.S. Environmental Protection Agency Secondary Maximum Contaminant Level for public water supplies of 500 milligrams per liter. Larger numbers of organic compounds were measured in water samples collected from the North Canadian River than the Little River.
Numerical groundwater-flow models were created to characterize flow systems in aquifers underlying this study area and areas of particular interest within the study area. Those models were used to estimate sustainable groundwater yields from parts of the North Canadian River alluvial aquifer, characterize groundwater/surface-water interactions, and estimate the effects of a 10-year simulated drought on streamflows and water levels in alluvial and bedrock aquifers. Pumping of wells at the Iron Horse Industrial Park was estimated to cause negligible infiltration of water from the adjoining North Canadian River. A 10-year simulated drought of 50 percent of normal recharge was tested for the period 1990-2000. For this period, the total amount of groundwater in storage was estimated to decrease by 8.6 percent in the North Canadian River alluvial aquifer and approximately 0.2 percent in the Central Oklahoma aquifer, and groundwater flow to streams was estimated to decrease by 28-37 percent.
Introduction
The Citizen Potawatomi Nation (CPN) was interested in better characterizing water resources associated with tribal-owned lands in central Oklahoma. The U.S. Geological Survey (USGS), in cooperation with the CPN, conducted studies of the occurrence and distribution of water resources, water quality, and simulations of groundwater and surfacewater systems in a 960-square-mile area of central Oklahoma from 2011 to 2014. 
Purpose and Scope
This report summarizes highlights of previously published USGS scientific investigations reports of historical hydrologic data and estimates of water resources and gaps in existing data (Andrews and others, 2013) , groundwater and surface-water quality (Becker, 2014) , and simulations of groundwater and surface-water flow systems (Ryter and others, 2015) in a 960-square-mile area of central Oklahoma. The CPN wanted these types of information to better understand the hydrologic resources of lands that their Nation owns and of surrounding areas.
Study Area Setting
The study area described in this report is in parts of Cleveland, Oklahoma, and Pottawatomie Counties in central Oklahoma ( fig. 1 ). The study area has abundant water resources, being drained by the North Canadian River, which defines the northern border, the Canadian River, which defines the southern border, the Little River, which flows through the central part, and Salt Creek, which flows in the southeastern part of the study area ( fig. 1 ). All major streams in the study area flow from west to east. The study area is underlain by unconsolidated alluvial and terrace aquifers along those rivers and by the consolidated Central Oklahoma and Vamoosa-Ada aquifers (Andrews and others, 2013) .
Climate
The study area has a temperate continental climate, receiving an average of approximately 40 inches per year (in/yr) of precipitation from 1981 to 2010 and having approximately 50 in/yr of free-surface evaporation (Oklahoma Climatological Survey, 2011a, b) . Precipitation typically occurs from March through June and from September through November (Oklahoma Climatological Survey, 2011b) . Monthly average air temperatures from 1981 to 2010 ranged from 35.9 degrees Fahrenheit (°F) in January to 81.5 °F in July (Oklahoma Climatological Survey, 2011a).
Land Cover
The predominant types of land cover in the study area as of 2006 were deciduous forest and shrubs and natural grassland, which are most common in the central part of the study area ( fig. 1 ; U.S. Geological Survey, 2012). Cultivated crops and pasture or hay were predominant landcover types on flatter land along major streams and in the southwestern part of the study area ( fig. 1 ; U.S. Geological Survey, 2012).
Hydrogeology
Annual mean streamflows at three sites in the study area generally decreased from peaks in the late 1980s ( fig. 2 ). Streamflows at four sites in the study area recently peaked in water year 2007-8 but declined to near long-term low flows by water year 2011 ( fig. 2) . A water year is the 12-month period October 1 through September 30 designated by the calendar year in which it ends.
Groundwater also is an important source of water in the study area. The principal aquifers in the study area are alluvial and terrace aquifers along the North Canadian and Canadian Rivers, referred to herein as "alluvial aquifers," and the Central Oklahoma aquifer, composed of the Garber Sandstone, Wellington Formation, and Chase, Council Grove, and Admire Groups ( fig. 3 ). Alluvial aquifers are the thinnest aquifers in the area, generally being less than 100 feet (ft) thick, compared to thicknesses of several hundred to more than 1,000 ft of bedrock aquifers underlying the study area (Andrews and others, 2013) . Despite being relatively thin, alluvial aquifers in the study area produce some of the highest well yields, in some cases exceeding 1,000 gallons per minute (gal/min; Andrews and others 2013). The Central Oklahoma aquifer (also referred to as the "Garber-Wellington aquifer") underlies approximately 3,000 square miles in central Oklahoma in parts of Cleveland, Logan, Lincoln, Oklahoma, and Pottawatomie Counties and much of the study area. Wells completed in the Central Oklahoma aquifer, which underlies most of the area, typically produce 25-50 gal/min (Bingham and Moore, 1975) . Wells completed in the Vamoosa-Ada aquifer, which underlies the Vanoss Formation in the easternmost part of the study area and is not a major aquifer ( fig. 3 ), generally produce less than 25 gal/min (Bingham and Moore, 1975) . Groundwater levels in the Central Oklahoma aquifer decreased from about 32 ft below land surface in 1987 to 35.8 ft below land surface in 2009 (Christenson and others, 1992; Mashburn and Magers, 2011) . 
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Water Quality
Retrospective analysis of water-quality data collected by the USGS and State and tribal agencies from 1985 to 2011 (Andrews and others, 2013) indicated the following general features about water quality in the study area:
1. Total dissolved solids concentrations in more than half of the surface-water samples collected in this area exceeded the U.S. Environmental Protection Agency (EPA) Secondary Maximum Contaminant Level (SMCL) of 500 milligrams per liter (mg/L; U.S. Environmental Protection Agency, 2011a). Numerous samples in the Salt Creek watershed in the southeastern part of the study area ( fig. 3 ) had total dissolved solids concentrations greater than 1,000 mg/L. Hardness, which commonly is positively correlated to total dissolved solids concentration, is an indication of the likelihood of water to form carbonate mineral deposits in pipes and boilers. More than three-quarters of the surface-water samples and most of the groundwater samples collected in this study area were very hard. (Wesson, 1969; Fadeeva, 1971; Maas, 1987; World Health Organization, 1996) . 5. Twenty to twenty-five percent of groundwater samples collected from alluvial aquifers and the Central Oklahoma aquifer were more acidic than the EPA SMCL for pH of 6.5 (U.S. Environmental Protection Agency, 2011a). That SMCL was set to minimize corrosion of metals from pipes.
6. Potassium, sodium, fluoride, and bicarbonate concentrations were significantly greater in water samples collected from the Vamoosa-Ada aquifer in the eastern edge of the study area than in samples from the other aquifers. Concentrations of these ions increased with well depths. 
Becker (2014) provided an updated assessment of surface-water and groundwater quality; sampling described in that report was conducted for constituents that had not been analyzed in previous studies and in areas not previously sampled. A total of 4 stream sites were sampled repeatedly, and 30 wells were sampled once in the study area from 2012 to 2013 (Becker, 2014 ; tables 1 and 2). Water-quality data collected from those sites can be downloaded from the USGS National Water Information System (U.S. Geological Survey, 2015). Notable results from that report related to surface-water quality include the following:
1. The largest concentrations of total dissolved solids and chlorides were measured in stream-water samples collected at the Little River near Tecumseh, Okla., streamflow-gaging station. The EPA SMCL for total dissolved solids in drinking water of 500 mg/L was exceeded in 7 of 8 stream-water samples collected at that station. The 250-mg/L EPA SMCL for chloride was exceeded in 5 of the 8 stream-water samples collected at that station.
2. Median concentrations of total dissolved nitrogen were about an order of magnitude higher in stream-water samples collected at the two streamflow-gaging stations on the North Canadian River than concentrations in stream-water samples collected at the Little River near Tecumseh, Okla., streamflow-gaging station and the Deer Creek site ( fig. 4 ). Median concentrations of total dissolved phosphorus were higher by about two orders of magnitude in stream-water samples collected at the two streamflow-gaging stations on the North Canadian River than concentrations in stream-water samples collected at the Little River near Tecumseh, Okla., streamflowgaging station and the Deer Creek site and typically exceeded previously described water-quality standards for total dissolved phosphorus in streams. Dissolved concentrations of total nitrogen, orthophosphorus, and total phosphorus were largest in stream-water samples collected at the two North Canadian River streamflowgaging stations at low streamflows, indicating that wastewater effluent discharged upstream may have been a notable source of these nutrients.
3. Concentrations of most trace elements increased with increasing streamflow in stream-water samples collected at the two North Canadian River streamflowgaging stations, indicating that most trace elements are washed into the river by runoff from the land surface or resuspended from streambed sediments. Most trace-element concentrations were less than Maximum Contaminant Levels (MCLs) set for public drinkingwater supplies (U.S. Environmental Protection Agency, 2011b).
4. A greater number of organic compounds were detected in stream-water samples collected at the two streamflowgaging stations on the North Canadian River than in stream-water samples collected at the streamflow-gaging station on the Little River near Tecumseh, Okla., and the Deer Creek site ( fig. 5 ).
Notable results from Becker (2014) related to groundwater quality include the following:
1. Groundwater in the study area was very hard, with a median concentration of 180 mg/L as calcium carbonate in water samples collected from the 30 wells. Dissolved solids concentrations exceeded the 500-mg/L SMCL in 9 of the 30 groundwater samples. Trace-element concentrations, except for uranium, did not exceed MCLs in the groundwater samples.
2. Two of the 30 groundwater samples had uranium concentrations exceeding the MCL of 30 micrograms per liter (μg/L) with concentrations of 79.5 and 31.1 μg/L. Uranium concentrations were highest in water samples collected from wells completed in the Wellington Formation and the Chase, Council Grove, and Admire Groups in the southern and eastern parts of the study area. Number of detections Figure 5 . Number of detections of 69 organic compounds measured in water samples collected at 4 stream sites in central Oklahoma, 2012-13, A, with streamflow and B, of categories that include fecal indicators and plant sterols, polycyclic aromatic hydrocarbons, and 5 categories of synthetic organic compounds: detergent metabolites, industrial compounds, pesticides, personal care products, and fire retardants (from Becker, 2014).
Groundwater/Surface-Water Simulations
The USGS, in cooperation with the CPN, evaluated groundwater resources and connections between groundwater and surface water by using the MODFLOW-NWT program (Niswonger and others, 2011) for steady-state and transient simulations. By using hydrogeologic information from the numerical groundwater-flow model of the Central Oklahoma aquifer described in Mashburn and others (2013) , referred to in this report as the "Central Oklahoma aquifer model," a numerical groundwater-flow model was constructed that covered the CPN Tribal Jurisdictional Area. To accomplish this task, the part of the Central Oklahoma aquifer model that covered the CPN Tribal Jurisdictional Area was refined to produce a subregional-scale numerical groundwater-flow model capable of simulating flow through alluvial aquifers, referred to in this report as the "CPN model."
The CPN model was used to estimate available groundwater resources and the effects of groundwater development and prolonged drought ( fig. 6 ). The CPN model had a finer grid size than the Central Oklahoma aquifer model and included a layer for alluvial deposits. The CPN model had drain cells to allow groundwater to discharge to the east and had fewer layers representing bedrock aquifers than the Central Oklahoma aquifer model, with two layers in the Central Oklahoma aquifer and an additional layer representing the part of the Wellington Formation that contains saline groundwater. The CPN model was calibrated using trial-anderror and automated parameter-estimation techniques.
A higher-resolution numerical groundwater-flow model, the inset model ( fig. 7) , was constructed in the CPN model active area for local-scale analysis. The inset model was used to determine sustainable use of groundwater resources in two economic development zones (EDZs) by using state-of-the-art applications, including the Groundwater Management Process (Banta and Ahlfeld, 2013) . Additional details about estimation of hydrogeologic properties, model features, the simulations, and model calibration can be found in Ryter and others (2015) .
Model calibration was done by comparing the differences (residuals) between measurements made in the field and simulated measurements made with a model. Figure 7 shows the distribution of steady-state head residuals for all observation wells and the associated model layer for the steady-state simulation; figure 8 depicts head residuals for the transient simulation. The mean residual for groundwater heads in the steady-state model was -1.1 ft, indicating that on average, simulated groundwater heads were 1.1 ft higher than measured groundwater heads. For transient groundwater heads in the Central Oklahoma aquifer, the mean residual was -1.7 ft, indicating that on average, simulated groundwater heads were 1.7 ft higher than measured groundwater heads. The mean residual was -4.1 ft for transient groundwater heads in the North Canadian River alluvial aquifer. The maximum value of the root-mean-squared groundwater head residuals for steady-state and transient simulations of the Central Oklahoma aquifer and transient simulation of the North Canadian River alluvial aquifer was about 3 percent of the total groundwaterlevel relief (450 ft), indicating that errors or inaccuracies were only a minimal part of the total model response (Anderson and Woessner, 1992) . Figure 8 shows the correlation between measured and simulated groundwater-level (head) transient simulation observations. Scatter about the regression line was caused by local variations in the Central Oklahoma aquifer not included in the model, but there was a reasonable general correlation with a coefficient of determination (R 2 ) value of 0.98.
The CPN model provided reasonable matches between the simulated base flow composing streamflow and estimated base flow composing streamflow at the Harrah streamflowgaging station ( fig. 9A) 
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Two EDZs along the North Canadian River were examined for sustainable groundwater development: the geothermal supply area and Iron Horse Industrial Park ( fig. 10 ). Both areas are underlain by the North Canadian River alluvial aquifer, and the groundwater resources in those areas are pumped from that aquifer. The geothermal supply area required a continuous flow of 500 gal/min from one or more wells located in that area. There was no specific pumping rate desired for the Iron Horse Industrial Park-the objective of the simulation for that EDZ was to determine the amount of groundwater that could be sustainably withdrawn at that site. Water quality also was of interest at the Iron Horse Industrial Park because stream water in this area contains more total dissolved solids and chlorides, nitrogen, and organic compounds than the groundwater in these alluvial deposits (Becker, 2014) ; therefore, the volume of stream water entering the Iron Horse Industrial Park well field was estimated. Groundwater drawdown around the pumping wells and effects on streamflow in the North Canadian River were evaluated over the entire transient model period of 21 years; thus, the pumping rates were conservative and were less than short-term pumping rates that could be achieved by cycling pumping rates from several wells. The principal concern at these two EDZs was that head drawdown would deplete groundwater in the alluvial aquifer at an unsustainable rate. Head constraints were placed on all wells to limit the simulated head drawdown. The maximum simulated head drawdown at each of the geothermal supply managed wells was set at 16.4 ft, which was estimated to be the maximum drawdown that would not cause loss of well yield. Head constraints for the simulation at the Iron Horse Industrial Park well field allowed the head to drop as much as one-half of the predevelopment saturated thickness in the North Canadian River alluvial aquifer at each well, which was determined to be the threshold beyond which well yields would decrease at that EDZ.
Optimized pumping rates for the five wells at the geothermal supply area ranged from 98 to 201 gal/min, with the combined optimized pumping rate being about 638 gal/ min, which exceeded the goal of 500 gal/min pumping for those wells. The total pumping rate might be increased by increasing well spacing or adding wells outside of the well field, or both. 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 Optimized pumping rates for the 16 managed wells at the Iron Horse Industrial Park ranged from 62 to 141 gal/ min, with the combined estimated optimized pumping rate at that EDZ being 1,472 gal/min. Under pumping conditions, the base flow to the North Canadian River adjacent to the Iron Horse Industrial Park well field was decreased, and the groundwater head declined to the point where stream water began to infiltrate the alluvial aquifer. Flow into and out of each stream reach defined in the inset model was calculated by the Streamflow-Routing SFR2 package (Niswonger and Prudic, 2005) . Rates of induced infiltration of stream water to the aquifer at the optimal groundwater-pumping rate at the Iron Horse Industrial Park are shown for each stream reach numbered upstream to downstream on figure 11. The total rate of induced infiltration from the North Canadian River for the optimal pumping scheme was 4.3 gal/min, which was about 0.3 percent of the total pumping rate of 1,472 gal/min.
To estimate the effects of drought on streamflow and groundwater storage, the CPN model was altered to simulate estimated drought conditions. There have been several severe hydrologic droughts in the study area since recordkeeping began in 1925, including the Dust Bowl drought and the droughts of 1952 -56, 1961 -72, and 1976 -81 (Shivers and Andrews, 2013 . The duration of these drought periods ranged from 4 years in the 1950s to the 13-year-long Dust Bowl. The period of this study does not include any of these historical droughts, so the effects of hypothetical drought conditions were estimated on the basis of hydrologic characteristics of recorded droughts. The years 1953 and 2011 had the largest negative departures from long-term median precipitation, with nearly 50-percent decreases from the median annual precipitation being recorded . Ryter and others (2015) approximated the effects of a sustained, severe drought by decreasing recharge over the entire CPN model for each stress period by 50 percent from 1990 to 2000. Changes to the volume of groundwater in storage in the CPN Tribal Jurisdictional Area were estimated by comparing the model run under calibrated recharge conditions to the model run with hypothetical drought recharge conditions by using the "ZONEBUDGET" program (Harbaugh, 1990) .
During the hypothetical drought, model recharge to the North Canadian River alluvial aquifer decreased by 441,000 acre-feet (acre-ft) and to the Central Oklahoma aquifer by 696,000 acre-ft. This decrease in recharge caused a decrease of 361,500 acre-ft of groundwater in storage (14,100 acre-ft or 8.6 percent in the North Canadian River alluvial aquifer and 347,400 acre-ft or 0.2 percent in the Central Oklahoma aquifer) by the end of the simulated drought. The total change in groundwater storage was approximately 0.2 percent of all groundwater in storage beneath the study area by the end of the drought period. This volume of groundwater loss showed that the Central Oklahoma aquifer is a bedrock aquifer that has relatively low rates of recharge from the land surface. Simulated base flow to streams in the model during the simulated drought decreased by 678,500 acre-ft (33 percent); base flow to the North Canadian River decreased by 386,500 acre-ft (37 percent); and base flow for all other parts of the CPN Tribal Jurisdictional Area decreased by 292,000 acre-ft (28 percent). Approximately 11 percent of the decrease in recharge to the North Canadian River alluvial aquifer and 66 percent of the decrease in recharge to the Central Oklahoma aquifer were offset by changes in storage and base flow to streams.
The CPN model also was used to simulate changes to streamflow in the North Canadian River during and after the drought period. Immediately after the start of the hypothetical drought, the percent change of the simulated base-flow component composing streamflow in the North Canadian River at the Shawnee streamflow-gaging station decreased because of decreased base flow and later started to rise following the relatively wet years of 1993 and 1995 until the end of the simulated drought in 2000 ( fig. 12 ). After the simulated drought period, the percent change of base-flow composing streamflow slowly recovered through 2008 as recharge restored the amount of groundwater in storage. The largest estimated decrease in mean streamflow was 28 percent during September of 1994. Streamflow did not recover to nearnormal streamflow conditions until the wet year of 2007-7 years after the end of the hypothetical drought. The delay in streamflow recovery was caused by gradual aquifer recharge replenishing groundwater storage that had been depleted during the drought. Note: Total estimated rate of optimized pumping was 1,472 gallons per minute.
Total rate of induced infiltration from the North Canadian River for optimal pumping scheme was 4.3 gallons per minute (0.3 percent of pumping). 
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Summary
The U.S. Geological Survey conducted hydrologic studies and published three U.S. Geological Survey scientific investigations reports in cooperation with the Citizen Potawatomi Nation (CPN) from 2011 to 2014 to characterize the quality and quantity of water resources. The study area consists of approximately 960 square miles in parts of three counties in central Oklahoma. This study area has an abundance of water resources, being underlain by three principal aquifers (alluvial/terrace, Central Oklahoma, and Vamoosa-Ada), bordered by two major rivers (North Canadian and Canadian), and having several smaller drainages. The Central Oklahoma aquifer (also referred to as the "GarberWellington aquifer") underlies approximately 3,000 square miles in central Oklahoma in parts of Cleveland, Logan, Lincoln, Oklahoma, and Pottawatomie Counties and much of the study area. Water from these aquifers is used for municipal, industrial, commercial, agricultural, and domestic supplies.
Much of the water in the area was of good quality, though some parts of this study area had water quality impaired by very hard surface water and groundwater, large chloride concentrations in some smaller streams, relatively large concentrations of nutrients and counts of fecal-indicator bacteria in the North Canadian River, and uranium concentrations that exceeded the U.S. Environmental Protection Agency (EPA) Maximum Contaminant Level standard in water samples collected from a small number of wells. Most stream-water samples collected from the Little River by the U.S. Geological Survey in 2012-13 had dissolved solids concentrations exceeding the EPA Secondary Maximum Contaminant Level for public water supplies of 500 milligrams per liter. Concentrations of nitrogen and phosphorus compounds were substantially larger in the North Canadian River than in the Little River or Deer Creek. Most trace-element concentrations in streams were less than EPA Maximum Contaminant Levels set for public water supplies. Larger numbers of organic compounds were measured in water samples collected from the North Canadian River than from the Little River or Deer Creek. 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Streamflow, in cubic feet per second 
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A numerical groundwater-flow model was constructed by using hydrogeologic information from the part of the Central Oklahoma aquifer model that covered the CPN Tribal Jurisdictional Area. The new model, termed the CPN model, estimated available groundwater resources and the effects of groundwater development and prolonged drought. The CPN model had a finer grid size than the Central Oklahoma aquifer model and included a layer to represent alluvial deposits. The CPN model had drain cells to allow groundwater to discharge to the east and had fewer layers representing bedrock aquifers than the Central Oklahoma aquifer model, with two layers in the Central Oklahoma aquifer and an additional layer representing the part of the Wellington Formation that contains saline groundwater. The CPN model was calibrated using trialand-error and automated parameter-estimation techniques.
To optimize the use of water resources at two economic development zones (EDZs) just south of the city of Shawnee, Okla., the U.S. Geological Survey Groundwater Management Process for MODFLOW was used with an inset model constructed from a part of the CPN model. Groundwater withdrawal amounts were optimized by using the Groundwater Management Process at the geothermal supply area and the Iron Horse Industrial Park. The target combined pumping rate for all wells at the geothermal supply area was 500 gallons per minute (gal/min). The Iron Horse Industrial Park required an estimate of the maximum groundwater development and the amount of North Canadian River water that may enter the wells. There were 5 managed wells used at the geothermal supply area and 16 managed wells used at the Iron Horse Industrial Park. The five managed wells at the geothermal supply area produced a maximum combined simulated flow of 638 gal/min of continuous pumping, which exceeded the 500-gal/min goal. At the Iron Horse Industrial Park, 16 wells had a combined sustainable pumping rate of 1,472 gal/min, and only 4.3 gal/min (0.3 percent) of the pumped water was estimated to come from induced infiltration from the North Canadian River.
The effects of a hypothetical 10-year drought on groundwater in the CPN Tribal Jurisdictional Area and streamflow at the Shawnee, Okla., streamflow-gaging station were estimated by using the CPN model. The drought was assumed to reduce precipitation and, in turn, recharge by 50 percent for the period 1990-2000. The decrease in recharge during the hypothetical drought caused groundwater in storage over the entire model to decrease by 361,500 acre-feet (acre-ft) (14,100 acre-ft or 8.6 percent in the North Canadian River alluvial aquifer and 347,400 acre-ft or 0.2 percent in the Central Oklahoma aquifer), or approximately 0.2 percent of all groundwater in storage at the end of the drought period. This volume of groundwater loss showed that the Central Oklahoma aquifer is a bedrock aquifer that has relatively low rates of recharge from the land surface. The budget for base flow to the North Canadian River estimated that the change in groundwater flow to the North Canadian River decreased during the 10-year drought by 386,500 acre-ft (37 percent). In all other parts of the CPN Tribal Jurisdictional Area, base flow composing streamflow decreased by 292,000 acre-ft (28 percent). The total change in base flow composing streamflow in the model was a decrease of 678,500 acre-ft (33 percent). Simulated streamflow returned to normal rates approximately 7 years after the end of the hypothetical drought.
